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The amino acid sequence of 43 m, malian myo- 
globins is now known. References to 40 of them are 
summarised in [ 11, and to the remaining 3 given in 
[2-41. Sperm whale myoglobin was the first protein 
for which the three-dimensional structure was related 
to the amino acid sequence [5,6] and this analysis 
has recently been further refined [7]. Table 1 indicates 
the high degree of resemblance in the primary struc- 
ture of the mammalian myoglobins. Most of the inter- 
nal residues of the sperm whale molecule are identical 
with homologous residues in the sequences of other 
mammalian myoglobins. This suggests a similarity in 
their three-dimensional structure. In whale myoglobin 
a salt bridge is found between 18 Glu and 77 Lys. In 
all known mammalian myoglobins residues 18 and 77 
are also Glu and Lys, respectively. Other residues 
forming salt bridges found in whale myoglobin are 
also highly conservative. The homologous residues in 
the other myoglobins are either identical or similar 
(Lys instead of Arg, or Glu instead of Asp and vice 
versa), so that they could form salt bridges. For 
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detailed discussion of the conformity of residues, of 
conservative regions and of the location of salt bridges 
and hydrogen bonds see [8]. 
On comparing the 43 myoglobins two contacts 
deserve particular comment: In whale myoglobin a 
salt bridge is found between residues 37 Asp and 118 Arg 
[6,7], and a relationship is noted between residues 
3 1 Arg and 117 Ser, which are in contact via water 
molecules [7]. Table 2 shows the remarkable fact 
that not only the sperm whale but all cetaceans have 
an Asp in position 27 and an Arg in position 118, but 
that residue 118 is in all other animals a Lys and 
residue 27 (with two exceptions) a Glu. Thus when 
the shorter Lys is found instead of the longer Arg, the 
longer Glu is associated with it instead of the shorter 
Asp. Figure 1 shows the computer drawing of the 
27-l 18 Asp-Argsalt bridge of sperm whale myoglobin 
generated according to the specifications of Watson 
Kendrew [5.6] and Takano [7] by the computer 
programme BILDER. Using the main chain atoms as 
points of reference, two other comparable computer 
drawn pictures indicate that the change from Asp- 
Arg to Glu-Lys can arrive at nearly the same bond 
distance. Asp-Lys appears to exist in this position 
in two myoglobins, those of Galago and Kangaroo, 
Table 1 
Resemblance of amino acid sequence m 43 mammalian myoglobins 
12 
No. residues 
Invariant 
Variant 
“; Invariant 
IL14 oplobm lxternnl Internal 
chain rcyidues residues 
153 120 33 
90 62 28 
63 58 5 
59 52 85 
Haem contacts 
- 
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10 I? 
9 10 
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Table 2 
Reciprocal mutations in positions 27 and 118. and 31 and 117 in 43 mammalian myoglobins 
8827 EEEEEEEEEEEDEEEDDDDDDDEEEEEEEEEEEEEEEEEDSS~ 
Gl9 118 KKKKKKKKKKKKKKKRRRRRRRKKKKKKKKKKKKKKKKKKKKK 
812 31 RRRRRRRRSSSRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRfi 
G18 117 SSSSSSSSKKKNSSSSSSSSSSSSAAASSSSSSNSSSSSSSSS 
A: alan*ne; D: aspartlc acid: E: glutamc acid; K: lvslne; N: asparagrne; R: argL”l”e; s: ser1ne 
but not in the myoglobins of other prosimians and 
non-eutherians; 27-l 18 Glu-Arg has never been 
found. Residues 27 and 118 in the reconstructed 
ancestral myoglobin chain are Glu and Lys [8]. It 
thus seems that one observes here natural selection at 
the molecular level. When the longer Glu changes to 
the shorter Asp the shorter Lys is replaced by the 
longer Arg. The Galago and Kangaroo would represent 
the transitional stage. In Glycera haemoglobin which 
is a monomer consisting of 147 residues [9] the 
homologous residues are Asp and Arg as in the cetaceans. 
Another example of reciprocal mutations would be 
the pairing mentioned above of residues 3 1-l 17, 
which usually are Arg and Ser (in some cases Arg and 
Fig.1. (A) Computer-generated illustration of the salt bridge 27 Asp-118 Arg in whale myoglobin. (0) Main chain atoms. 
(B) Corresponding salt bridge Glu-Lys. (C) Corresponding salt bridge Asp-Lys. (For details see text.) 
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Ala or Arg and Asn), but in the three New World 
Monkeys are Ser and Lys (table 2). Here again the 
water-mediated contact would be preserved although 
the nature of the residues is reversed. 
A similar reversal can be seen in the myoglobin of 
Aplysia [lo]. It has been pointed out [8] that whereas 
in all vertebrate myoglobins residue 45 is occupied by 
a basic amino acid residue which is considered to 
form a salt bridge with an acid residue at position 60. 
the homologous side chains in Aplysia are reversed 
and are 45 Asp and 60 Lys. 
We suggest hat these relationships indicate natural 
selection. If a change occurs in the sequence it could 
affect the overall molecular configuration. Levitt [1 1] 
suggests as a possible consequence an alteration m 
the tertiary structure which would mimmise the energy 
involved. We would propose that the fixing of a 
second compensating mutation would restabilise the 
molecule. 
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